INTRODUCTION

This paper gives an overview of an alternative methodology for fault and disturbance analysis prediction. The work describes how adapting a powerful simulated power system tool to allow for the prediction of electrical power quality disturbance levels in various locations through the distribution network. The approach presented in this paper is based on generating a set number of disturbances by utilizing the data of power quality measurements in specific locations
where actual power quality meters are installed. The constructed database system is considered as an initial step for obtaining accurate state estimation and prediction for unknown status of specific locations in the distribution network.
An actual example of the performance of the proposed method is introduced. The example makes use of the records that took place on the medium voltage distribution network feeding a large industrial city in the west of the city of Alexandria. The results show that the methodology of the proposed method is suitable for the prediction and the analysis of disturbance events so that the approaches to the corrective strategies could be addressed.
HISTORICAL BACKGROUND
Understanding the behavior of complicated power systems and studying their response when subjected to disturbances or parametric variations is becoming a very important requirement in the new deregulated and restructured power systems. The importance is considered for both, the utilities to know if their systems are getting better or getting worse and for the customers to adapt their equipment immunity levels to suit the expected disturbance profile. In addition, it is reasonable to determine which points on distribution systems have incipient problems. These reasons have increased the interest on predicting the power system behavior when subjected to disturbances phenomena especially for the voltage sags and interruption events.
Several methods have been proposed to predict voltage sags that would be originated in power system networks. Traditionally, power system analysis that includes simulation of static as well as dynamic performance of a power system is considered as primary commercial software to predict the post-contingency conditions. [1] [2] [3] . However, traditional load flow analysis makes a variety of assumptions that are not suitable for computing the transient conditions following a disturbance event [4] .
Monitoring the behavior of distribution systems against disturbances is one solution for the utilities to examine the performance of their networks and to know which points on their distribution systems have incipient problems. The ideal approach for the monitoring process would involve a network of permanently installed instruments at critical nodes continuously monitoring power quality disturbance phenomena. Index-number plots for tracking power quality levels at multiple locations are developed. Hence, the highest index plot that fluctuates much more rapidly and is going up at higher rate than the other locations guides us for the critical location so that preventive actions should be taken. However, the monitoring period that is needed to achieve a reasonable accuracy in this approach is too long [5] .
Stochastic prediction method is also considered as an alternative to predict the performance of the power network [6] . The great advantage of stochastic prediction as compared to monitoring process is that the required accuracy is obtained right away. With stochastic prediction it is even possible to assess the power quality of a system that does not yet exist.
A straightforward method to predict the number of voltage dips originated in power networks has been proposed using the principle of the method of fault position [7] . Another method, such as the method of critical distances [8] , showed that, it is possible to find out where in the network a fault would lead to a voltage sag event.
OBJECTIVES OF THE PROPOSED METHOD
The main objective of the proposed method is the construction of a reliable estimation method for the prediction of power system disturbances when a random transient condition is occurred. In addition to being an analytical tool, the proposed method also can enable utilities to educate customers about various aspects of their facility's power quality, including:
• Reducing the number of monitored locations and thus leading to a cost effective power quality monitoring systems.
• Expecting power quality performance of utility and customer power systems.
• Adapting customer's equipment immunity to the predicted voltage sags.
• The challenge presented by preventing sag-causing faults on the utility power system.
To achieve the goal, in addition to using the applications of a commercial power system simulation tools, SimPowerSystem, an advanced computer programming code is constructed and built so that automated fault location and voltage dips prediction under the transient conditions can be obtained.
At the end of this paper, the implementation of the proposed method is addressed and the feasibility of the predicting programming codes for practical applications is demonstrated by case studies utilizing both the simulated and field data.
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BASIC DESCRIPTION OF THE PROPOSED METHOD
The basic model of the proposed method is shown in Fig. 1 
Fig. 1. Basic Description Of The Proposed Method
At first, for a set number of distribution networks, the monitoring instruments are installed in selective buses to capture disturbances that would occur during the monitoring periods. Then, it is recommended to provide a generalized database system. The database system contains two main types of information, system component information (network topology), and event data and analysis reports. The topology of the network supports handling description and information on system component being monitored such as types of cables and/or transmission lines, line length, line impedance, status of circuit breakers…..etc. While the information from the monitoring process are: number of disturbances, type of disturbances, and voltage magnitudes at the network buses.
For each case study, distribution network information together with the analysis reports from the monitoring process are considered as input data and saved as a unique disturbance scenario. The n-sceneries are in fact the construction of the initial database system, which is the reference guide for unknown transient conditions.
A large number of actual and simulated case studies were proposed so that strong database system is obtained. For each case study a set number of monitoring instruments were installed in specific locations for one-week as a monitoring period. The collected data, the topology of the networks, bus voltages before and after contingency…etc. lead to the construction of a powerful disturbances scenarios database system.
Based on these distinctive scenarios, appropriate program codes and rules are established for predicting and characterizing unknown fault conditions. The computer program code is designed so that, the output from the prediction stage is one of the predefined database disturbance scenarios. Based on the number of the database scenarios, there will be n-values representing the degrees that the unknown disturbance condition belongs to each of database scenarios. The type of the scenario selected will be the one with the largest degree.
TEST SYSTEM.
The proposed method has been tested and verified using a test system shown in Fig. 2 . As shown, the schematic diagram of the test system is a part of an actual medium voltage distribution network. The distribution network is fed through two main feeders and four lateral feeders which are used to feed different customers. The distribution network is selected so that it feeds different industrial loads where sensitive and susceptible equipment to voltage sags can exist. The monitoring instruments are installed in selective buses: at the main feeding bus-bar and at three customers whose equipments are more sensitive to voltage sags.
FEATURES AND CAPABILITIES OF THE PROPOSED METHOD
As an initial step, it was necessary to make sure that the proposed method is feasible and reliable for implementation. To do so, the program code of the proposed method is executed different times under different conditions. Results that obtained from the proposed method and those known from the actual measurements were compared to check Results obtained from Table. I conclude that the proposed method for predicting the performance of distribution networks under different fault conditions is efficient and feasible and can be applied for a wide range of applications that may include the following analysis.
a-If The Fault Location Is Known
In such case, the fault location is assumed to be known and the performance of the proposed method is adapted to predict sag magnitudes in the other network buses. The approach presented in this case is based on the assumption that the origin of the disturbance fault is the main feeding bus-bar and characterized by a single magnitude-duration event.
b-If The Fault Location Is Unknown.
In this case, the approach presented is adapted so that the origin of the disturbance is occurred random along the distribution network. The developed procedure can be summarized as follows:
• The scenario of the test system, i.e. the topology of the network and the analysis reports from the monitoring locations, is logged as unknown scenario to the comparison algorithm code.
• The rules of the program code are executed n-times to match between the unknown disturbance scenario and different types of known disturbance conditions previously stored in the database system.
• After every run, a degree that the unknown disturbance scenario belongs to each of database scenarios is calculated.
• The output from the prediction stage is one of the database disturbance scenarios that have the largest matching degree.
SIMULATION RESULTS
The test system shown in Fig. 2 is investigated using the features of the proposed method. Voltage sag events that would be generated at the distribution network buses as a result of a certain fault at the main feeder bus-bar were predicted. The faults are assumed to be originated from the supply side at the main feeding bus. Voltage Sag events are assumed to be rectangular (single magnitude-duration) and characterized by the remaining voltage and its associated duration.
After 100 actual as well as simulated disturbance scenarios, all information are manipulated to obtain the predicted sag events supposed to be experienced at concerned buses (buses numbers 1, 2, and 15) under different fault conditions.
Two ways are used to represent the performance of the network buses, the scatter diagram and the sag density charts. Predicted performance for selected buses were represented using examples of the scatter diagrams as shown in Figs. 3,4 , and 5. • For all buses, the major predicted sag events ranged from 0.8 to 0.9 p.u voltage • For the bus-bar No.1, deeper and longer sags could be presented, but rare, which are sever enough to maintain correction action such as installation of sag voltage restorer.
• Bus No.8 most susceptible to faults where the highest number of sags were presented but, most of the simulated sags are fluctuated near the threshold limits. This indicates that the immunity level of equipment connected at such bus can withstand such disturbances with no hazard.
• No severe disturbances were predicted at bus-bar No. 15. the geographic location of such bus may helped to vanish the sag event before reaching the bus-bar.
The scatter diagram is very useful to give a qualitative impression of the network performance, but for qualitative assessment other way for presentation is needed. The other way for representing the obtained results for the prediction process is the sag density charts. The sag density chart is originated from the predicting sag density table shown in Table. II. From the bar charts, it is easier to get an impression of the distribution of the predicting sag characteristics, but for the numerical values, the table is more useful. Table. II shows sample of the results that are predicted at bus No.1, while Fig. 6 shows the corresponding sag density chart. As shown, the sag density chart is typically represented by a bar chart. The length of each bar is proportional to the number of predicted sags in the corresponding range. Useful results were obtained from the given sag charts.
• The majority of predicted sags have magnitudes above 0.8 p.u and lasts for durations ranging from 200 to 300 ms.
• Deeper and longer sags were presented but rare and lasted for few milliseconds.
• Corrective actions should be maintained for susceptible and sensitive loads that are fed via bus node No.1 where severe sags records were predicted.
CONCLUSIONS.
This paper presented the application of a powerful simulating tool in addition to a well constructing programming code in voltage dip analysis. The obtained results conclude that computer simulation is essentially needed and a very efficient alternative for predicting the performance of the network under transient conditions.
The main goals of this study are, rather than simulating actual performance of power systems under transient conditions, it indicates the possibility of sag events supposed to be recorded at the concerned buses, which may be useful for the customers to:
• Adapt the immunity levels to overcome the severity caused by the expected sag records.
• Install correction devices that may help to restore the possible voltage dips.
Extensive evaluation studies have demonstrated that the predicting programming code gave results in a correct manner, and that the proposed method for predicting the performance of distribution networks under fault conditions is efficient and feasible.
